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— r$^lTV'>4-t'^ I njiGai-Yi N (Y 1 SO ) 
yjGaj.yjN ( Y 2>Y 1*»OY2>0 ) A><b^i>i^ 

[if*«2] A Ix I n,Gai-x-YN (X=0, Y = 
0, X = Y=0?r#tr) *»J?>=Sr-?.mi<7)^f*«S:?FM 

mmi<O^Mi¥m<^±l>Z. I nv,Gai-„N (Y1 ^ 
0 ) i)^h^h^<UTm. I nyzGai-vzN (Y2>Y1 

*--:>Y2>o) i)-i^^hM.^^wm^mmLxm^=Fn 

it^S<0±{::A 1 A I ntGai-A-gN (A=0. B = 
0. A = B = 0^-&tf) 3!)^'^>'5r^m2<7)4i^<ij5JiS:?g^ 

6PJn«giiS:5~5 OmA<?)$all-C'^ML$-fr7t:t#. ^ 

0 tr- ^:R«?)^^-fb3&^ 1 0 n mi^xrx'h i>:itt:nmt 

1 m^m 5 ] Buie 5 ~ 5 0 m A (^mammziti l . mi a 

t^^^'h'— r^nTl-^^lW n,iGai.yiN (Yl^O ) 

iXTl-^^lM nviGai-yjN (Y2>Yl*>OY2> 
0 ) 0 . miMi^^iZt5\^xmiim 1 <7)^^f*:® 

at/Htiie^ 2 (D^^^i^m t ^mtimsi^ ^' d tji x-^b 



tTummeizimcD^mw^^m^. 
im^^msi mmm2(o^^mwmiim^ib^2 o~i o o 

fjHztmco^mi^^m'^. 

'i>'5r-g.^ ^iimb'ti>m^ms (,zimcr)^mim^m 

[ if 1 0 1 miiM^WFmc7)mmti^ s-^snmth 

&T#wmimmLx^^mi&^mm<r>mtmi:^'r^ 
^mi^^m=Fii^^x . 

B5ie?&3t«C0«^ #Fao)^J¥*^' 3-5nmX'h&Zb 

ii^mb-t^^i^^^m^. 

I 1 2 ] f)i£a^#F«{S l n G a N *^/i>:5r D . 

1 1 ^ziSMeo^i¥^^m^. 
[000 1] 

[0002] 

ifi^mw%:m\>^tz{><nti^'^t^ixx\.^h. '^X'hmt^ 
\m^mw\mmw^m.x'h^:i b-h-h^^mtmK 

•b^%<r> 3 MfeO 1 OT?) S Wfe Sr^-r h:Lbii^(^. 
^^\,Zr&.^-km^X\^h. 
[0003] COJ; ^ f;i:mtW^<ryx>b^b LT . -^^ 
r ^ TmWL(^±l>Z^ A 1 NMW^-y^T®. 

•/ vm. ^%mRx/w> 2(^)^=7-/ y^m^mznm txm 

mHA 1 X I nyGa,.x-yN (X = 0, Y = 0. X = Y 

=o^^ts) t-^htch. mtmamuii nyiGa,.yj 

N (YISO) 3!)»^^:?>M'UTii. InjzGai-ysN 
(Y2>Y 1*-OY2>0> j&»ib=3r-l.fi^#FeSr^0 

m\i-^m.±mit-^^w^^w& ( Jar. r m o v p e 

[0004 ] 

[^Ba;{,ifiSi^tJ;dt-r-S>lgli] c:oJ:p^^*&^ti3t 

izmm.'&.ifiiii)^ htihfz)^. vcn^m ^^-^n^x-m^ 
^i,z^j:hj:oizm^^ti. mmiz^M.-^i^Fmi^'^ix-^' 
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[0005] iglST^3t0^7i£1t-*3>'^'C , 7 V H 

Y Mif n ^E#Mi75Ji^C:ixlcM^ #Fffl*^ii«g LT ^ ■& 
i: . ^ 7 -y Kaox^^;l^^'Mlf4J4a:T^#F^«0-?-ix J: 0 

[0006) 

[^IISrg?^-r-S>fv!:*t>i7)#S] *->i)»■l)illi*ftl^^•S>J'^: 
il*JSlHiSm£^^BJ(cJ:iitf. ng«Mi7)GaN 
*»A>^ SIg 1 t . 1^ 1 0^^«JJiO±tC?^ 

ai-xiN (Yl^O) i)^(:>^j:^J<Urm. Sllfi*)=5r^^ 
!f^^']i— 7«$iX-^l,^^CM nyzGai-yjN (Y2>Y 1 
A^oY 2>0 ) *»<i>^^a^^#F®^aSLT^:^«itS 

Hjilcif-r^Sar 

UT;i-ii=^^i=F«- - -i^^rm-^^ormt 

Lfc. =5:^3, ::cD0JiffflS{ctJ</>Tlllco^f*:SaT/ll 

mm^j:T>nmzmm l^v ^. 

[0007] L*-L'Sr*>%. Sr* 
^1f3t<D|^Jl<7)±l:ll2<75^'7 >y KSS:?Bfi£-^-l> i; . 

^m<^^±miz < re (ot. '"s±yN''j r 
iij ti^^. J ) *^<^-g.^i:T'$)i., citat. m2 

sg2<o^'^ y Ymn^^^z%Li.i-^^iTm<r> 

i)mA¥c<mzi>'yV'thcyL'^±'L<ts:\^. ttz. 

[00081 zcr)Xo^j:mm^mm-i>tzi^. m^m2 

tzmmcOWM^ZjitHi. A 1 X 1 nyGai-x-vN (X = 



0. Y = 0, X = Y=0s:#tj) :b^t>^^^l<r)^Wi¥ 

m^mm- ^:^f--/rt. tmi o^f*:s«o±tc , i 

n,iGai.Y,N (Yl ^0) TJl, 1 nyj 

Gai-Y2N (Y2>Y 1*>-OY2>0 ) *»4>^^4^# 

t. U^m(7)±(,ZA 1a I ngGai-A-BN (A=0, 
B = 0. A = B = Oar^tf) *>^>'5r-2>lg20^^#iiar 
JBB5t-r.|>;^7^-yri:. lr•^^t'^^l.^«s^7tS1^^0i^ 

[0009] msm3iz^^^mizMi£, ±ieif^js 
2izmm(7)wniz}5\,^x . m^2(r)mii^m%:mm- 

[0010] mz:i<r)WMi. mmM^fi^iti^x 
^■ti,%<7)\:~9^m^mm.mz^iti.^£^-^^mwm^ 

4-1 OtcteftO^ajlcJ: 

[0011] CiO^BSOfltjOefiUli. jS:^O^^ffi*i©J 
v\ &iiom^-m^j:!^^MZi5\^%^mtt^^W^ 
m'?-i^^.-thZt\>zhh. C<7)g6^{iii^iB5^l^L 

1 OlciBtKO^BfltJ: OBfiKSix^. 

[0012] ClO^BgofttOSWJi. ^$!»^**iS< - 

m=?-^w^-fhzi:.i.zhh. z<^Bmt. fs^^i o~ 
1 2\,ztm,cr>%mzx r>m^^ixh, 

[001 3] 

i%m<7yi^^ ■ m^\\.ztm<r^m^zxfnf. 
^^izi6\-^xm 1 <r)^mwmiBa/^2<r)^m{^mt^ 

^#Fiitci3V^Ttv->;bt9>l>it^#Fc^. ED*>dtx>' 
ioT. #»^#F*^^>fitaj$ix-5.3^iiO«t:g{i:*«6*It; 

^L<^^. t.tz. ti^JSitcietft<7)^B3tcj:nt^. n 

^E^tOG a NA^io^SH 1 0^^f*:®0±(C^et7) 
I n Y 1 G a , . V 1 N /N' 'J TJiA^JgB^B^:^^ tL^ . 
>'N'»JrS(cfcft-l. I nOjl^Jt{40^L<{4fi^^#Fii 
(Cit'^TJrb^W/h^V^OT. ^«0ffl^{4G a N*»^>^S 

[0014] mim2i,ztm<r>^mzxix\£. fi±^N''j 
ti^v^. ^o^ci^ic^. mk. m2<7)^mi^m<r)m&^ 

[0015] li^«3t::|£®c7)^Bfll=J:ixJf . ^2<0¥ 
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[00 1 63 iS*Ji4'Sri^t 1 0\,zsdM<r)^mziix 
[0017] ii*JB5^rv^t 1 otrieifei^^BJiCck^i 

[0018] mim 1 0^1^ L 1 2 tciSScO^ajtc iii 

{i\ mm-mm<^mtm\>zii\'rh^^^tm< . ^ 
tmizm':i^^izmmi,zmm-t^ . 

[ 0 0 1 9 ] 1 ^Jfe^J 

■g. . 0 1 t^fi?l|<^%3\i^M ^- H 2 0 cOlffiSHSrS^ 
■r. 

[0020] JS:$ 100 Atm r TS^ 1 0 affi 

C:cO>'<>y:7rJi2c7))KlC*i:2 0 — 5 Onm 
fti>Zbi3^X-^. mcom^^ii 4 0 0 'CT-fc & . 

[0021]^N''y7ril2 <0±tC{i: n S#M<^^^f*:M 
3t>^2mizm^-&tlX\'^^, wOnJlBJi:. T*^^. 
$ 2. Sum COJ y U 3 y^^^lSiE^t ¥—T^tlfz n * - 
GaNBSa (^^'JT^Jg: 2 X lOJ^/cmS. ) 
tm^ 0^_JjUJii-<?3 U 3 K-r $ tLT^C n - G a N 
«3b (|glCD:75-y h'Ji (Sl<7)^»#:;i) . ^^'J 
T^Jg: 2 X 101 '/cms) 

[0022] C:c?)n«3{SA nyGai-x-yN (X 
= 0. Y=0, X = Y = 0^'^ti) i}-i^^^it-^m^ 

i^xmm-hzbij^x'^^. z(Dnm3^imi}>^tfifiL 

[00233 nms cD±i,zi±mm'mm.(^^em s 
m.^fix\-^h. ^5ta5jsis$3. 5 xmmmwi'^ 

^?3A«h'-r$i^T^^^»/'>GaN*^4)=5^l)>'^'Ur®5 ai: 
IP$3. 5 ran <?DSElW^^S$!|*3*^K-r$iXTV^^V^ 
I no. i6Gao.84N*='ii>^l>ft^#FS5b$:^05EL 

*i3. 5 nm COS06<J^^*i!|%)**H-T$iX-CV%:5:l'>G 
aN*»<c.^-&. 

[00 24] ±iatCfcV^T, >'^'';T®5 atfl^#F® 

T;i5a. 5 c (4 I nx,Gai-YiN (YISO) 7i»^^r 
■l.'ft-^ifSii^^fr. a^#Fii5b{i:I nv2Ga,.,2N 
( Y 2 >Y 1 Y 2 > 0 ) *»^>55:^-fl:-^!|?5^frT'-e 



'J T® 5 a , 5 c 2i?/a^#FJi 5 b t {4 iX'\^S$:J}- 
^Y-Tt^^>:.\iX'%h, 

[0025] i^wp^^i><^m^^zi,ix\•^. j:^#fs 5 

b<7)^J?^ 3-5nini:L^^fc#. ^/i*'^>5iV^5bl£ 
cri^hix^ ^ t ifih-b^-ofz. Wm^'kl^XT^ztm'th « 
Hifi^Jt^S^l^iJl-^T . aT#FS«7)Mli:5r 1 0 nm, 

/St H ttc^-?> J; o ^^^-^t^ . lT63t5tJ£<4m)if^ 
(electroluminescence, #(4 ;-a. 
u. ) OSSSTJ)-!.. *:^0fl#^«O«?l^(Ciilif. 
F^OM®** 1 0 n mOi: # c7)f^3t54JKt::^ LT . m.=f- 
#F«<7)p./i5r 7nmi;-r^i:*<3l 0 ^(OlE^SS 
hit. I5lt<j^5r5 nint-r^h*1j6 0^, PJPer 3 
n m h-r S t 1 5 0 <g<7)^7t34>g**-e:h.-f n^t ^>il 
7^^. tl±OlSm*^'b. A'JTilS-yyK-rhGaNi: 
L, i^#F^5-y>'K-7*M nGaNt Lf>:i:#. 
4T#FJiOlllSS: S-^Snrnt-f-^dt ^Cl 
h ifi^t^h , >'N' U Tm<0!¥^ {4 3 n mJ^Lhi: -T^;! i: 

[00263 ^i7)^Sfem'(4^« 5 iCfcV^T^ 1 iO^' 

7«y h'®3 b tm-t&mi'^^^vrmsaX'h'o. pbm 

M<0Sg2O^^-y h-;i7i:^-ri.«*^ia±AUT«5c 
h$ix^. n-yX. #^'7-y KJltcfiti£V-»a^^#Fil 
5btri3V^T4>V%j:)»9>-l.g^#FO?^. fiP^.-Kx^i^^ 
;K7)a;z*^jfl!i<Oi^#F«i:^«£|t)t:|5lti:=5rS. J:-^ 
#*^#F«*»^f&*-t-2.^fiOiS:^{4««Wtc:¥L 

[0027] 5 cr>±l,Zl,i^< 'J 5 a i 0 y 

^■^Vh'^-vyr^itoSg20^'5-y H« (Il2c04^^i* 
®) 7*^2;it?gB!t$ixTV->4, Z<7)f^2C0^y'y\^m 
lit. T*»^. if:$3 0. 0 ran <7)-r?^^^z^iyM,ti^]i— 
y'^ix.fzp-A 1 o.i5Gao.85NS7 a (^-rUTS^ 
1 — 2 X 1 Oi'/cmS) i:JP$7 5. 5 nm 

mm-. 2 X 10i7/cm3) i;T1fB!t$fLl.. Al^-k 
tS^V-j Vmi a{±-?-<7)J^^2 Onma±i:^SvIi: 
7!?-'»S LV^. 2 0 n m5j^)1|-C'{4'^xnyN'«J T Icj: -S^-l^ 
OfflLi2^^a^*«ll<^^. C:i7):7^-y h'ii7aSrl 0 
0 nm5r®;t-C/i:<-r?.£^{i:^V^. 
[0028] :iom2«7)^'5>yh'®7{4AlAl njGa 
i-A-EiN (X = 0. Y=0. X = Y=0S:-i-tj) *»-o^ 

7 -y H« 7 1 ;i*»<?>?gBJt-r S fc t S . 

[00293 M20^5'yHS70±l::{4l5$25. 0 
nm c7)-7:?'^-i^'>A*^p-GaNS7bJ;0]Sig^(:;K 
-7-$*17tGaNSS .(^A-UTJ®^: 1 X 1 Qi^/ 
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^9 Vmfi.'kT^ihfdl^VLWi.\'^hiXh. ClOGaNSS 
<JDJlll{i:2 0 — 5 0nini:-r^C:i:3!>WiLt\ Z.(^M 

wtp' 2 0 n m {zmr^ts:\> ^hriv^^ vm(rmmm < ^ 

[00303 H 9{±A 1. T i XliZtl^^^ 

mfli^N'^y H 1 1 (D^^Mnt tt. Au . P t . P d , 

' [ 0 0 3 1 ] mmcr>mtr^ :t- K 2 ocomm. 
PEmizx'om^^ti?}. z(r)fS.^mizi3\,^xii. ry 

(TMG). h iJ>f-;i^T;Us— 
(TMA) U^^-f-yP-f >'>'''^i. (TM I ) fcSr® 

c 0 0 3 2 ] -^mm^RT/Mmizx 'om^vfc 

[0033] <*:i:, ?a)K^4 0 O'Cit'ffiT^ii-T . N 
2. NHgaLN'TMASrfitJ&LTS^tCA 1 NCOVN'-y 7 
r«2Sr*-j20n inCOl?^ tJ^flS;-r& . 

[ 0 0 3 4 ] »:c=iag$r±tf T . Nz, ^-7:^. tm 

G. NHs^^At. n^E^^7)#^f!|sJ■^C±5V^-CT^I!l 
corns a.^m^L. W.iZiy^><D^iMi:TifX±mcr>m 

[0 0 3 53 m^^X. jaS^9 0 0'CtC«ft^t. N2. 
TMG, NH^imXLXm^S. 5m (OGaNij^i^^ 

5 a ^wm-t^ . <Xt::?a^$r 7 5 o-ci-ff>^ 

Nz, NH3, TMGai>^TM I Sr«ALTJS$3. 
5 nm 01 nQ igGao.gi 

^^ 5 Sc7)y U rS 5 a i: fi^ #F)i 5 b . RIE^ 

f^^mmrTh^it J; o^^''j r® 5 a&t>'»^#FJi 5 

[0 0 3 63 ;SJKa:900'Ct2^F.i%t, N2 TMG. 
NH3$-®ALT/¥$ 1 4. 0 ran c7)GaN*»/i>^SS 

i/-^ y rfl 5 c $• 5 ssoa^#F« 5 b <7)±.i,zm^-t 

::^7)S_h^^'UTJI5 c{i:-e<7)±®*^'M^-ri., C^O^Jfe 



|?2£7):?7 -y H®?gJ55if^s 3 . 5 nm i:^-:>7t« S±>'n' 
5ai:[Pll:/f$, Bp-*p3. 5 ran J: 0 tCffM-fi. 

[0037] iSSa: 1 0 0 O'CiZi^nt. , 
NHs. TMG, TMA. CPzMgarSAL-. J1)S30 

nm<7)V:?':^>'>jU*iH-T$ix/ip-A 1 cisGa 
o.s5N*^/"o^-S>S7 a^ffM-ri.. HKIZ. aaS?rlOO 
0°ac«&i^L, Nz, NH3, TMG, CPzMg^^A 
LT/f$7 5. 0 nm £OV^'^-i^»>j\*i H-T^iXitp 
-GaNJf 7b$-?PMt. t-5Tll2<7)^'7 -y HS7i: 

[0038] m7hcr>mmz^\^t^^. i&m^iooo 

[0039] Zcr)iimX'm2cr>^ V -y YMl hSJiJlS 
2 CT)^' 7 -y 7 25.y^S±« 8 ^-«tcm^^l£Sr»Sftf 

-r-s. «^isoBsst^#{±. fiaixif, jnsmoul Ok 

V . M^^mdTi 1 A£ A . b'-i.^i!>3lJg 0 . 2 mm/sec. b' 
— -t.g6 0jL£m4>. m^5. 0 X 1 0-norrt'J>*. 
Zcr)^oKcm=m?mifZX-oXm2cr>^ ^ y V^miRX/ 

[0040] ^c7)io{ct-C?iej£$ix^v:^i4c'>:j:^N^ 

j^»i<75:6-ST-x -y ^ ^-^ LT . ^ 1 iz^Lfz^mi^man 

m.t-t^, -etT. «ffi>N*-y K9^^^<*:«3ac^±^ 

8cr)±(,zmmL. Miz^n<omm^-<'y h 1 1 Sr.^«^ 
[0041] zco^ 0 izLxm^^tiy^^i^'^^^^^ 

m^mizW 0 WfX , FJfaiO»fe^5t^^^ H 2 0 i: 
[0042] :^Wmf:>(Om^l>ZXiXlt. ^Btllf&CO^ 

tmcom'^iziiTiicom^mm hntz. 02 iim=Fiz 

t, cox'h-^x . m^i>zm\fthmjf\t^m^^^it^ -it^- 
[0043] ztii>(Dmi}^(:>h^^i>xoiz. m=f(>zm\i 

V^. fiP*>. mSiES:5-l O0inA<^lEElT^'(k$-tirTt> 
b--^jS:il±{J{3.'4 4 5—4 5 0 nm<7)iEffllClR*-5T 

v^s. m^izn-t&mmffi^Mam^i^^i-itii. m 

■^mzeplsa^tihm^i±5^5 OmA<D^iZh*) . z 

cr>mmx'^m.^'^it$-tfzt^<7)\z'~'^^^<r)^im i 

0 n ml^T , mzm L < lUm 5 n mi^XTXh i> . ^ 
IZ^ M^i^2 0— 5 OmA<?)$EHT'tr-:??S«{4?&fc'^ 

[0044] -13. -iKfllJ^fBtSWi:. EPJD^ixl. 
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^X'ii ma $ ix-S mKA^± t<^ht. 

[ 0 0 4 5 ] ^i7)||i6<!?iJco^f*^^-?tc<J:n 
(l©!iim-{i:5S) ibl.iOT'a^#FO 

ft-g>ft*>oic, mmz {mx'i±±Tiz) ^^-t^mcom 

[0046] :i<r>^o {,zm.^<o-:k^ $ SrSML^-iirT e 

[0047] ^x'^.i? h;Koi|ifiiii EpaD-rsmsri 
( 5~ 1 0 0 m A ) t^agra^tuse^jtc-^TS) 0 . 6 

0 n m[;XTXhh . Eptn«sS<oiEffl ( 5~ 5 0 

mA) x\t^mm<r)^itifw.i<zA'^^<. mvm.^<r>mm 

^ 2 0 -5 0 mA h^fflilSiO^^^LUJ; O-St^h 
^iZ^^-l,X\.^hb^LhiXh, 

[0048] :i(r>i:o\,z^ Epj[rtlgrico^^'fl:tci*i*>4>-f . 

bit: mt^fi^%(^w.^<^'ri-mm< . m.%immi 

[0 04 9] ^2mm 

^- ]^iZi5\^XM.=f-#WmcDt&l&mno, asCa 
0.77N t^ixTi^^. fiP*>. ^l^(5yt::Jt^T I nO 

1 «DM^:*c^ < -rs ZbmzX 0 > H 1 ^Jfe^Ji: P]« 

[0050] :^^m^i^comriizxtn£. ±Mim&<om 



mm<^)m^iziimcr)^mmm (yittz^mA im^iz 

Wt\Si-m.U\^m^i:^it^-tfzb^cr>^x^^ h;!^ 

cox'h -5 T . m=Fiz ma-r h m:n\p\mm.i'^it^^fz 

[005 1 ] zix^(r>mi)-^hf>i}^h loiz. m=Fizmw 
•thnmmt^'^xi,\^-'^m.m±mrm.mz^itL^j: 
v^. fs\h. mStS-s— 1 ooTXiAcr>mmx'^i\L^^txi> 

f-^M*i4i5a'5 1 5~5 2 0 nmOlElltZJR^or 

■i5\p\izmw^ixhmmii5^5 omK(r>mMiz-h^ : z. 

(T^mmtnM^^it^ ■^fzb^(n t^- ^^:Ri^S!-fb{4 1 
OnmOT. H{Ci¥L<(4(I(ir5 nmOTT'S)^, 
coiEEI*^'2 0 — 5 0mA. 5gt::{42 0~l OOmAfOh 
t'. b--^iS:^l4{5a'5 1 5nin(C;J>oT?&i;'^Mt:L^ 

[0052] ^x^^ h;p«o^ffliiitEnjD-r^ms 

( 5—1 0 0mA) iC^lBII^lce OnmOT. Sl^PL 
< {4 3 5 n m\:XrX'h ^ , llfflW=S:EPJD«SECOlEffl ( 5 
~5 0mA) T'{4¥ffll6{45&t'^-fl:-fr-r. Ep^lPmeSc^® 
2 0 ~ 5 0 m A t -r-S ^^iHBO^^^tJi J: 0 -St 

[0053] w<0^Hj{i_t.fe^H3o^O?g^t/l|]!ife 

[0054] aT<xcomm'S:m^-ri>, 

(1) Alj I nyGai-x.jN (X = 0. Y=0. X = Y 
= OSr-^tj) *-ii5=5:^lllO^«sJIi:, MlllO^ 
i4t«<5D±t3. I nviGai-yxN (Yl^O) t^h^j:^^^ 
Urm. I nvzGai-YzN (Y2>Y1*»-PY2>0 ) 

b. UmJSCO±iZA 1^1 nyGaj.x-jN (X=0. 
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